Optic nerve injury is a common disease. The present study aimed to examine the possible role of in optic nerve injury through the regulation of growth-associated protein-43 (GAP-43). Initially, optic nerve injury models were established in Sprague-Dawley (SD) rats, and the function of miR-204 was either enhanced or inhibited through injection of miR-204 mimic and inhibitor, respectively. Subsequently, the mRNA and protein levels of miR-204, GAP-43, toll-like receptor 4 (TLR4), myeloid differentiation factor 88 (MyD88) and nuclear factor-κB (NF-κB) were examined in retinal tissues using reverse transcription-quantitative polymerase chain reaction and western blot analyses. The apoptosis of retinal tissue cells was also detected using a terminal deoxynucleotidyl transferase mediated dUTP nick end labeling assay. There was a significant increase in the level of miR-204 in retinal blood vessels of the model SD rats, compared with that in the normal SD rats (P<0.05), and the expression of GAP-43 was significantly decreased (P<0.05). The results confirmed that the expression of GAP-43 was significantly reduced, compared with that in the normal control group when the rats were treated with miR-204 mimic (P<0.05), which was similar to the result in the model group. By contrast, its expression of GAP-43 was significantly increased when treated with the miR-204 inhibitor (P<0.05). Compared with the normal control group, the expression levels of TLR4, MyD88 and NF-κB were significantly increased in the miR-204 mimic group and model group (P<0.05), whereas the same three factors in the miR-204 inhibitor group were effectively inhibited, compared with those in the model group, and showed similar results to the normal control group. The apoptotic rates of retinal cells in the miR-204 mimic group and model group were significantly increased, compared with that in the normal control group (P<0.05), whereas miR-204 inhibitor effectively reversed the effects on apoptotic rate observed in the model group, showing similar results to those in the normal control group. Taken together, miR-204 promoted the apoptosis of retinal cells through inhibiting GAP-43, providing theoretical guidance for the function of GAP-43 in retinal injury.
Introduction
Optic nerve injury results from damage to the optic nerve in craniocerebral trauma, with the majority of cases caused through an indirect mechanism (1) . Optic nerve injury is commonly the result of ocular surgical injury, which refers to the complete or partial loss of the optic nerve due to the effect of external force or through direct contact with tools (2) . The progressive death of retinal ganglion cells (RGCs) is a major cause of irreversible visual impairment following optic nerve injury. Clinically, there are no effective treatments for recovering visual function at present. However, a previous study examined the Wallerian degeneration of disconnected axonal fragments following secondary axotomy 12 weeks following injury to an optic nerve; the results revealed that a number of nerve fibers initiated Wallerian degeneration within the days and weeks following the initial mechanical injury to the optic nerve (3) .
Growth-associated protein-43 (GAP-43) is a cell membrane phosphorylation protein of the nerve terminal membrane, which belongs to the family of calmodulin-binding proteins (4) . The protein consists of two functional regions, including a membrane binding area and G protein reaction zone (5) . It is mainly distributed in the brain, cerebellum, hippocampus, spinal cord and autonomic nervous system. In general, the levels of GAP-43 in young animals are 20 times higher than those of adult animals, whose organs have developed fully (6) . GAP-43 is a neuronal-specific protein, which regulates multiple aspects of neuronal development, plasticity and regeneration (7) . It is closely associated with nerve growth and synapse formation, particularly in nerve regeneration. It has been shown to promote bone marrow mesenchymal stem cell differentiation in a rat model of traumatic optic neuropathy (8) , which may be effective for the treatment of central nervous system disorders (9) . Investigation of the time course of the expression of GAP-43 in the retina of goldfish, in which axons are able to regrow for full restoration of visual function following optic nerve transection, demonstrated that GAP-43 was a useful biochemical marker for monitoring the entire period of optic nerve regeneration in the fish (10) . Existing evidence also shows that GAP-43 can increase by 20-100 times following peripheral nerve damage (11, 12) . Nerve injury usually induces high levels of inflammatory cytokines, and these inflammatory factors lead to neuritis injury (13) . The toll-like receptor 4 (TLR4) signaling pathway acts via a myeloid differentiation factor 88 (MyD88)-independent pathway, leading to the subsequent activation of nuclear factor-κB (NF-κB) gene binding, which induces a variety of cytokines (14) . MyD88 is a key joint molecule of TLR signaling, with an important role in transferring upstream information. MyD88 is a member of the Toll/interleukin-1 receptor (IL-1R) family and the family members of the death domain family (15) . Mechanistic experiments have showed that dioscin significantly increases the levels of heat shock protein 70, decreases the levels of TLR4, MyD88, tumor necrosis factor receptor-associated factor 6, cyclooxygenase-2, c-Jun N-terminal kinase, extracellular signal-regulated kinase and p38 mitogen-activated protein kinase phosphorylation, suppresses the nuclear translocation of NF-κB and high mobility group box 1 (HMGB1), and subsequently decreases the mRNA levels of IL-1β, IL-6, tumor necrosis factor-α, intercellular adhesion molecule-1 and interferon-γ (16). The TLR4-mediated phosphatase and tensin homolog/phosphoinositide 3-kinase/AKT/NF-κB signaling pathway in rat hippocampal neurons is associated with the activation of a neuroinflammatory response (17) . Another study showed that TLR4 is critical in streptozotocin-induced diabetic retinopathy at the level of inflammatory cytokine induction, via MyD88-dependent and MyD88-independent pathways (18) .
MicroRNAs (miRNAs) are non-coding, single-stranded small RNA molecules, which can inhibit or upregulate the transcription of a target mRNA, or induce its degradation through complete or incomplete pairing with the 3' untranslated region (3'UTR) of the target mRNA, consequently regulating the expression of genes (19) (20) (21) . Studies have shown that miRNA-204 (miR-204) has multiple physiological functions, including that of a master regulator in the regulation of lens morphogenesis in vertebrates, and tumor-suppressor genes in the types of cancer investigated (22) ; miR-204 regulates the differentiation process of mesenchymal stem cells through decreasing the expression of Runt-related transcription factor 2 in mesenchymal stem cells (23) ; therefore, downregulating the expression of miR-204 may be a novel strategy for treating aplastic anemia (24) . In addition, this miRNA is considered particularly important in regulating eye development, affecting multiple ocular functions (22) , as it is indispensable for retinal pigmented epithelium (RPE) differentiation and development of the adjacent neuroretina (25) , and is involved in corneal epithelial cell proliferation and migration (26) . Studies have indicated that miRNAs are important in the regulation of several neural correlates of the loop in diseases, including brain trauma and cerebral ischemia, the pathogenesis of which may be contributed to by the change of synaptic plasticity (21, 27) . In addition, investigations have indicated that the expression of miR-204 is high in nerve terminals; however, the mechanism involved in the regulation of visual injury remains to be fully elucidated (28) .
The present study aimed to examine the function of miR-204 through modulating the expression of GAP-43 in the repair process following optic nerve injury. A model of optic nerve injury was established in Sprague-Dawley (SD) rats, and the expression levels of miR-204 and GAP-43 were detected in retinal blood vessels of model and normal SD rats. Subsequently, miR-204 mimic or inhibitor was injected into the model SD rats, and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis was performed to detect miR-204 and the mRNA levels of GAP-43. The protein expression levels of GAP-43 TLR4, MyD88 and NF-κB were detected using western blot analysis, and the apoptosis of retinal cells was detected using the terminal deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) method. The results may provide a theoretical basis for the clinical treatment of optic nerve injury. 
Materials and methods

Reagents
Animals and induction of optic nerve crush injury.
A total of 20 male SD rats (8-12 weeks; 150-200 g), all of which conformed to the standard of first class animal, were purchased from Hunan Slack King Experimental Animal Co. (Changsha, China). The animals were reared in the isolators under the conditions of a 10-15˚C temperature, humidity of 55-75% and a 12 h light:dark cycle, with free access to food and drinking water. The animals had no external eye disease, and the direct and indirect light reflexes of pupils in both eyes were normal. The 20 SD rats were randomly divided into the following four groups, each group containing 5 rats: Normal control group; model + miR-204 mimic group; model + miR-204 inhibitor group; and model group. The present study was approved by the Ethics Committee of the Department of Ophthalmology, The Second Affiliated Hospital of Nanchang University, Medical School of Nanchang University (Jiangxi, China).
Animal model. The animal model was established using the following methods: Pentobarbital sodium (30 mg/kg) was used for anesthesia by intraperitoneal injection, followed by routine disinfection, draping, and subcutaneous injection of lidocaine in the upper eyelid for local anesthesia. A horizontal incision of 1 cm was made in the region, 3 mm from the eyelid. The subcutaneous tissue was separated bluntly, entering the eye socket closely along the orbital bone. A section of orbital fat was removed, part of the extraocular muscle was cut, and the optic nerve was carefully exposed, holding the optic nerve for 10 sec, 2 mm away from the posterior globe, avoiding damage to the ophthalmic artery. A fundus microscope was used to observe the above process. Those rats in which retinal blood flow was recovered within 5 min following crushing injury were included in the experiment. Following lamination oversewing, erythromycin eye ointment was administered topcially onto the wound and an intramuscular injection of penicillin sodium (1.2 µg daily) was administered postoperatively for 3 days to promote healing.
RNA extraction and fluorescence RT-qPCR analysis.
The retinal vascular tissues of the SD rats were used for RNA extraction, following which cDNA was synthesized according to the manufacturer's instructions of the RT kit. This cDNA was used as the template for fluorescence qPCR, using GAPDH as an internal control. The relative expression levels of miR-204, GAP-43, TLR4, MyD88 and NF-κB in each group were calculated.
RNA was extracted from the frozen retina biopsies using the mirVana™ miRNA isolation kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). RT-qPCR analysis of the miR-204 transcripts was performed using TaqMan ® microRNA assays (Applied Biosystems; Thermo Fisher Scientific, Inc.), using RNU48 levels to normalize the data. The RT-qPCR reactions were performed in triplicate in 296-well plates and were run in a QuantStudio™ 12K Flex Real-Time PCR system. The 2 -∆∆Cq method (29) was used to determine the relative quantitative levels of miR-204, TLR4, MyD88, NF-κB and GAPDH. RT-qPCR analysis of gene expression was performed using SYBR Green PCR master mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) and the expression of GAPDH was used as an endogenous control for normalization purposes. PCR reaction was performed using the following conditions: Pre-denaturation at 95˚C for 5 min. denaturalization at 95˚C for 1 min, annealing at 60˚C for 45 sec, 72˚C for 45 sec, 35 cycles of amplification, and final extension at 72˚C for 10 min. A total of 2 mg RNA was reverse transcribed to cDNA. cDNA was amplified using the following primers: TLR4 forward, 5'-AAG TAT GGC AGA GGT GAA-3' and reverse, Western blot analysis. The retinal vascular tissue of the SD rats was homogenized in tissue lysis solution to disintegrate protein for 30 min, following which the homogenates were centrifuged at 8,880 x g, for 10 min at 4˚C. BCA method (Beyotime Institute of Biotechnology) was used to determine the protein concentrations. A total of 30 µl protein was loaded for 10% SDS-PAGE and transferred onto immobilon P membranes (EMD Millipore, Billerica, MA, USA). The membranes were incubated with blocking solution of 5% skim milk dissolved in Tris-buffered saline for 1 h at room temperature, followed by an overnight incubation with rabbit primary antibodies against GAP-43 (1:100,000, cat. no. ab75810), TLR4 (1:1,000, cat. no. ab22048), MyD88 (1:1,000, cat. no. ab2068) and NF-κB (1:1,000, cat. no ab32360) (all from Abcam) at 4˚C. The membranes were next incubated with secondary horseradish peroxidase-conjugated donkey anti-rabbit IgG (1:1,000, cat. no. ab150077; Abcam) for ~1 h at room temperature. Chemiluminescence was used to detect the relative levels of the target proteins, with β-actin used as an internal control. The blots were visualized by an enhanced chemiluminesence system (Amersham; GE Healtcare, Chicago, IL, USA).
TUNEL staining.
As mentioned above, 20 healthy SD rats were randomly divided into four groups, each group containing 5 rats: Normal control group; model + miR-204 mimic group; model + miR-204 inhibitor group; and model group. In order to evaluate apoptosis in the retinas of the SD rats, a TUNEL assay was used for the detection of apoptotic cells. TUNEL-positive cells represent apoptotic cells (30) . After injection of PBS (100 ml) in the left ventricle of rats once every month for 8 months, the right atrial blood outflow was blocked, and tissues were fixed with 4% paraformaldehyde (100 ml). On removal of the eye, it was completely stripped of the retina by trypsin digestion, following which the glass body and inner limiting membrane were peeled off, and retinal nerve tissue was removed. The complete retinal capillary network was transferred onto a slide with the retinal capillary network of the optic disc at the center, divided into three regions. The slide was examined in a blinded-manner under an optical microscope for counting cells and acellular vasculature. The retinal vasculature was then stained using the Dead end apoptosis detection system (Promega Corporation, Madison, WI, USA). TUNEL-positive cells were labeled with fluorescein-conjugated streptavidin and the numbers of TUNEL-positive cells were determined per unit area (mm 2 ).
Statistical analysis. Significant differences between groups were analyzed using one-way analysis of variance and Tukey's multiple comparison test in Prism 5.0 software (GraphPad Software, Inc., San Diego, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Optic nerve injury upregulates miR-204 and inhibits the mRNA expression of GAP-43.
The levels of miR-204 and GAP-43 in the retina of the optic nerve injury model SD rats and the normal control SD rats were detected using RT-qPCR analysis, the results of which are shown in Fig. 1 . The results showed that miR-204 was effectively induced by optic nerve injury (P<0.05), whereas the mRNA level of neuroprotective GAP-43 was significantly inhibited by optic nerve injury (P<0.05), compared with that in the normal SD rats (Fig. 1A) . This suggested that optic nerve injury was a destructive effect in the body.
miR-204 decreases the level of GAP-43 and promotes the TLR4/MyD88/NF-κB pathway.
The levels of miR-204, GAP-43, TLR4, MyD88 and NF-κB in each group, following the overexpression and inhibition of miR-204 by injection of miR-204 mimic or miR-204 inhibitor, were detected using RT-qPCR analysis for miRNAs and mRNAs, and western blot analysis for proteins (Fig. 1A-C) . As shown in Fig. 1A , which show the results of the RT-qPCR analysis of miR-204 and the GAP-43, TLR4, MyD88 and NF-κB mRNAs in each group, miR-204 was effectively increased by the miR-204 mimic, compared with that in the normal control group (P<0.05), which was the similar to the result in the model group (Fig. 1A) . The results for GAP-43 were the opposite in these two groups, being significantly inhibited in the miR-204 mimic and model groups (P<0.05). Compared with the normal control group, the levels of TLR4, MyD88 and NF-κB in the miR-204 mimic group and model group were significantly increased, and the differences were statistically significant (P<0.05). These three genes were effectively inhibited by the miR-204 inhibitor, compared with model group (Fig. 1A) . They remained marginally higher than those in the normal control group, however, the difference was not statistically significant. The proteins levels showed similar results to mRNAs for GAP-43, TLR4, MyD88 and NF-κB (Fig. 1B and C) .
miR-204 increases the apoptosis of retinal cells.
In order to evaluate apoptosis in the retina of SD rats, a TUNEL assay was used for the detection of apoptotic cells. TUNEL-positive cells represent the apoptotic cells, as shown in Fig. 2 . The results showed that, compared with the normal control group, the apoptotic rates in the miR-204 mimic group and the model group were significantly increased ( Fig. 2A and B) . The numbers of TUNEL-positive cells in the retina of the miR-204 mimic group and the model group were significantly higher, compared with that of the control group (P<0.05). Compared with the normal control group, the number of TUNEL-positive cells of the miR-204 inhibitor group was increased, however, this difference was not statistically significant (P>0.05). 
Discussion
The survival of RGCs is the most important requirement for regeneration of the optic nerve following injury, therefore, it is important to protect ganglion cell activity and inhibit the apoptosis of ganglion cells (31) . GAP-43 is a presynaptic protein, which is key in the regulation of axonal growth and modulating synapse formation (6) . The increase of GAP-43 can exert neuroprotective effects in the central nervous system, including the production of progesterone (7) (8) (9) . It has been shown that the level of GAP-43 is enhanced in axon regeneration (32) . However, the overexpression of GAP-43 was shown to aggravate RGC death in experimental chronic intraocular pressure (IOP) elevation injury, which indicates that the function of this same protein is complex according to the different pathogenesis (33) . The results of the present study demonstrated that a low expression of GAP-43 (Fig. 1) was associated with the apoptotic activity of the retinal cell (Fig. 2) . Optic nerve injury inhibited the level of GAP-43 (Fig. 1) , which possibly reflected the destructive effect of optic nerve injury. Optic nerve injury activated the TLR4/MyD88/NF-κB pathway (Fig. 1) , which was consistent with the result of a previous study, which showed that neuroinflammation was involved in the death of RGCs following optic nerve injury (31) .
The expression patterns of miRNAs have been analyzed in a variety of ocular tissues and multiple pathologies, and the downregulation of miRNAs, including miR-181c, miR-497 and miR-204, have been associated with chronically elevated IOP (34) . In addition, the significant elevation of miRNAs, including miR-223, miR142-5p and miR142-3p, may be involved in autoimmune uveoretinitis (35) . miR-204 is a widely distributed miRNA, which has target genes belonging to different pathways, and is key in eye development and neural differentiation processes, including axon guidance (34) . In addition, a key role of miR-204 in the differentiation of the RPE was verified in vivo through the RPE-specific conditional mutagenesis of Dicer1 or Dgcr8 in mice (35) . It has been found that miR-204 was expressed at high levels in nerve cells and axons (36) . In the present study, the results showed that miR-204 was increased in the retinal injury model, which reflected adjusting of function to retinal damage repair.
When given sufficient light to stimulate rats, which have survived in the dark for 10 days, the expression level of GAP-43 has been shown to increase slowly, eventually reaching a maximum (37) . This suggests that GAP-43 may be involved in the repair and regeneration of retinal light damage. A previous study found that, in the normal retina, the immunoreactivity of GAP-43 is predominantly in the inner plexiform layer, but in a rat model of retinal ischemia reperfusion injury model induced by elevated intraocular pressure, GAP-43 immunoreactivity appeared in retinal ganglion cells; the expression of GAP-43 peaked at 190% in 3 days and the rate reduced in 7 days (38) . Therefore, it was hypothesized that optic ganglion cells have the potential for partial regeneration as GAP-43 level increases.
The present study observed the effects on the GAP-43 protein induced by miR-204 through the injection of miR-204 mimic and inhibitor in the established optic nerve injury model. GAP-43 was decreased in the miR-204 mimic group, whereas injection with miR-204 inhibitor increased the level of GAP-43 (Fig. 1) . This suggested that miR-204 downregulated the protein expression of GAP-43, which was the similar to the result of a previous study, in which miR-204 was expressed at high levels in the glia, but low levels in the retinal neurons (23) .
Studies have indicated that TLR4 is important in cerebral hemorrhage, cerebral infarction, and cerebral hemorrhage reperfusion injury (14) (15) (16) . Another study indicated that TLR4 produces a response that causes brain damage (39) . In the present study, retinal tissues were stretched using the technique of stretched preparation of the retina, following which the apoptosis of retinal cells was detected using the TUNEL method. The results showed that the apoptotic rates in the miR-204 mimic group and model group were significantly increased, compared with that in the normal control group (P<0.05). The apoptotic rate was effectively inhibited in the miR-204 inhibitor group, compared with that in the model group (P<0.05; Fig. 2 ). These results suggested that miR-204 was involved in retinal injury repair through modulating the expression of GAP-43.
The present study also examined the function of miR-204 in the TLR4, MyD88 and NF-κB pathways following injection of miR-204 mimic or inhibitor into the model rats using RT-qPCR and western blot analyses. The results showed that, compared with the normal control group, the levels of TLR4, MyD88 and NF-κB in the miR-204 mimic group and model group were significantly increased, and this difference was statistically significant (P<0.05). The miR-204 inhibitor effectively inhibited the expression levels of TLR4, MyD88 and NF-κB, compared with those in the model group. The results showed that the levels of TLR4, MyD88 and NF-κB increased significantly in the optic nerve injury group, and treatment with miR-204 inhibitor following optic nerve injury decreased the levels of TLR4, MyD88 and NF-κB, which was consistent with the result of a previous study (13) .
Taken together, the above results indicated that miR-204 may have been the result of the stress response of retinal injury, which downregulated the expression of neuroprotective factor GAP-43, and upregulated the levels of TLR4, MyD88 and NF-κB. However, further experiments are required to elucidate the definite regulatory mechanism of miR-204 in retinal injury.
In conclusion, the results of the present study indicated that miR-204 promoted the apoptosis of retinal cells through inhibiting GAP-43, which provide theoretical guidance for the function of GAP-43 in retinal injury.
